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1. MATERIALS ENGINEERING 
Acting Branch Chief: Dr. Leonard Nanis 
Senior Members: Dr. Geoffrey Eelton, Dr. Ram A. Shama 
I 
I 1. 1 of Refractorv 
Materials a t  Hiqh Temperature 
Dr. Manfred Altman; H.  Chang i 
. The average thermal conductivity of LiF was  reported by McKinnon, (1) 
Vild and Milko to be 5.1 BTU/hr . ft . OF with a maximum potential error 
of 19.5 per cent ,  Using a density of 162.56 lb/ft (2) and specific heat 
I 
i 
~ 
of 0.373 BTU/lb.'F for LiF, the thermal diffusivity,cc, was calculated to 
-3 2 be 3.3 x 10 in /sec. The method used by McKinnon, et al. was of the 
steady s ta te  type. I A module 10"xl O"x3 I' contained the lithium fluoride 
and was constructed with top and bottom plates  of 1/4" Haynes 25 plate 
and s ides  of .063" Haynes 25 sheet  material. The module was heated 
from above with six 1000 watt capacity infrared quartz heaters. Heat 
was removed from the bottom of the module by air flowing through a 
square rectangular box. The heat removal ra te  of the air  was used to 
determine t h e  heat transfer. T o  this  value was  added 1/2 of the module 
s ide  heat loss obtained from previous steady-state calibration tests. 
Error in the net heat input was due to the  losses which are  difficult to 
determine accurately. i 
In the present study LiF was  chosen a s  the material to be tested first for 
the following reasons: 
1. LiF has a low melting temperature, 848OC, so that  it is possible 
to prepare the polycrystalline samples readily in  a high frequency furnace. 
1 - 2  
2. Diffusivity data from Ref .  1 may be used as a reference for 
(3) comparison with LiF data obtained by the present unsteady state method. 
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Cylindrical samples of LiF were generated by melting LiF powder (Fisher 
Certified Reagent powder) in  a carbon crucible. The samples a re  6" long 
and 1" diameter. The carbon crucible served both as the  m e l t  container 
and the susceptor for the  high frequency induction furnace. These cylinciers 
are at present being drilled to accommodate a 1/8" hole i n  the center ,  3" 
deep from the bottom end of the sample. A pair of thermocouples made out 
of .016" chromel-alumel wires will be inserted into this  hole through high 
purity alumina insulators with the bead touching the  end of th i s  hole. An 
identical  thermocouple from the  same lot of wires will be  attached to the sur- 
face of ,the sample 3" from t h e  bottom of the sample. The bead of th i s  
surface thermocouple will be inserted into a saml l  indenture on the surface 
. of the  sample and then t ied to the sample by a piece of platinum wire. An 
alternate drilling procedure is being tried to obtain two 1/16" holes 2 3/4" 
deep  from the bottom end of the sample. One of the holes is at the center of 
the  sample and the other is close to the wall  and centered 0.45" from the center 
hole. Two thermocouples made out of 0.010" platinel wires may b e  inserted 
in to  the  holes through high purity alumina and with the bead touching the end 
of the  holes .  The fragility of the LiF samples requires extreme care in  drilling, 
espec ia l ly  for holes close to and parallel with the  surface. This apparatus for 
t he  unsteady state method consists of a platinum-40% rhodium wire-wound 
furnace which gives  temperatures up to 1750 C ,  a programmed controller with 0 
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silicon-controlled rectifier to  raise the temperaturc of the furnacc I 311 
adjustable zero anci adjustable range recorder for recording the  tempera- 
ture # and a recorder with a 10  mv range for recording the differential E. M. F 
which is amplified by a D. C. amplifier before being fed to the recorder. 
The desired uniform heating rate of the furnace is obtained by means of 
a motor-driven c a m  which drives the  control point of the proportional 
controller and so varies D.C. voltage, This D.C. voltage is applicd to 
a silicon-controlled rectifier which regulates the power to the fu-nace 
windings . 
By this  arrangement, it is possible to ra i se  the temperature of the furnace 
a t  a miform rate from 3 to 20 centigrade degrees per minute. Lower 
heating and cooling rates have been achieved by lowering the rotation 
speed of the  c a m  by including an adjustable interrupter in the power 
supply to the  motor. 
are internally stsndardized. 
The adjustable zero and adjustable range recorder 
An alumina reaction tube 1.5" in  diameter and 42" long is supported in 
the furnace winding tube. To the top end of the reaction tube was 
attached a sil icone rubber stopper with an alumina rod through the 
center. A platinel thermocouple was inserted in  this  rod half way down 
the furnace. The output of this  thermocouple was  fed directly to the 
programmed controller. It is found i n  t h e  present modification however 
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that  the heat input to the furnace can be simply controlled manually to 
obtain the constant rate of rise of temperature on the surface of the 
sample. The temperature of the sample  on the surface was recorded 
on the adjustable zero and adjustable range recorder. The furnace system 
has  been thoroughly tes ted and measurements await the  production of a 
suitable LiF sample. 
The two thermocouples in the sample, one at the  center and the other 
close to the surface,  will be  connected differentially so that  the differ- 
ence of those temperatures is recorded on the  10 m v  range recorder. 
In these  tests the thermal diffusivity is calculated by using the 
formula a' k a =  - Lte 
where a - Distance between the two thermocouples ,/inches 
2 - Thermal diffusivity in  i n  /sec. 
0 k - Rate of r i se  of surface temperature, C/sec. 
8 - Temperature difference between two thermocouples PC. 
The errors involved i n  their measurement can  be evaluated from the expression 
1 - 5  
k can be read accurately within 2 2 5% ! 1 mv was measured to  within an 
accuracy of 2 0.025 mv ) . 8 is read accurately with 5 1.25% (200 
microvolts accurate to within 2.5 microvolts). The maximum error intro- 
duced i n  the computation of a would be 2 3.75%. The value of k was 
held to an accuracy of 2 - 3% during a test run. The minimum experi- 
mental reading error introduced i n  the  value of Tis estimated to be 2 6.75% 
, 
The following instruments are being used in  the experiment with associated 
accuracies : 
Instruments Rated Accuracy 
Leeds & Northrup Speedomax H - + 0.5% 
Leeds & Northrup Speedomax H 
Centre-Zero Recorder 
Leeds & Northrup Stabilized D-C 
Microvolts Amplifier - + 2% 
- + 0.5% 
Thus the  instrumentation used introduces a maximum error of 2 3%. 
Thermal conductivity values as a function of temperature will be obtained 
and presented in the  next report. 
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1.2 Partial Molar Properties of Maqnesium Base Binary 
3 *  
I Thermel Energy Storage Systems 
Dr. Geoffrey Belton; Y. Rao 
In recent years intermetallic compounds have been favorably considered 
as potential thermal energy storage materials .(l) The factors that are 
generally considered in selecting a suitable thermal energy storage 
material are: 
1) Heat of fusion i n  calories /gram - not less than 
200 cals /gram. 
2) Melting point - above 900°C. 
3) Ease with which it can be contained in liquid s ta te .  
4)  Chemical stability and vaporization characteristics. 
+ 
Materials such as Mg S i  and Mg2Ge m e l t  a t  1100 - 10°C and have 2 '  
relatively large heats of fusion. The problem of finding a suitable con- 
tainer can  be  solved i f  the reactions th3t might occur between the 
container and these  thermal energy storage materials are studied. Free 
energy data for the systems Mg-Si and Mg-Ge would not only determine 
the criteria of equilibrium in such reactions but also help in estimating 
the  activity and vaporization characteristics of magnesium. Experimental 
work was started with a view of obtaining these  data.  
Of the  various methods available for the  purpose, the establishment of 
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a galvanic cell, the emf of which is a measure of the free energies 
concerned, is by far the most advantageous. A description of the 
apparatus and the technique was given in a previous report. 
Preparation of the Materials: 
(2) 
I 
Pure magnesium was obtained from Fisher Scientific Co. and fulfils 
ASTM specifications.  Pure si l icon f99 .9%)  was supplied bythe Sargent 
& Co., New Jersey. A free sample of high purity Ge was  generously 
furnished by the Bell Laboratories, Murray Hil l ,  N . J .  
0 Magnesium metal boils at 11.05 C and 1 atmosphere (3) while magnesium 
disil icide and sil icon me l t  at 1 ~ O C I ~ C ( ~ )  and 1418O C(4) respectively 
Under these  conditions the best  method of preparing Mg2Si was found 
to consis t  of facilitating the liquid (Mg) - solid (Si) interaction over a 
long period of t i m e  at temperatures suitably below the boiling point of 
Mg, e . g .  950 C. This prolonged heating was followed by a final i n -  
crease to llOO°C. Weighed quantities of Mg and Si  were taken in a 
graphite vessel, About 1% of the total weight of S i  was  added to com- 
pensate for its loss as Sic"), Quantitative analysis of the final product 
yielded a Mg content of 66.15 atom percent. 
0 
Preparation of Mg Ge is much easier because Ge melts at 936OC, thus 
permitting liquid (Mg) - liquid (Ge) interaction to take place at a much 
2 
faster rate. Weighed quantities of magnesium and germanium were mixed 
in  an alumina crucible and slowly heated to 950 C. Violent reaction 0 
accompanied the formation of Mg2Ge, After the  reaction subsided, the 
1 - 10 
0 crucible temperature was raised to about 11 50 
cooling, The magnesium content was found to be 66 .1  atom percent 
E le c t ro lyt e : 
D I ~  magnesium chloride (30% mol .  ) and calcium chloride (70% m o l  .) 
mixture was prepared from the previous stock of dehydrated salts. 
T e m  R e  ra t u re Con tro 1 &-Me as ure m e  n t : 
The furnace consists of 2"x30" alumina tube on which 0.020" dia.  P t .  10% 
Rh wire was wound. It is equipped with a Barber Colman Co. Capacitrol 
and a sil icon controlled rectifier to maintain a constant temperature. The 
furnace has  a uniform temperature zone of about 3" in the the center.  In 
steady state the temperature variation in the cell did not exceed 0 . 3  C 
over a period of 12  hours. 
- Cell E .  M.  F. M.easureme-: 
A Leeds and Northrup portable potentiometer was used to measure the 
and followed by a slow 
(2 )  
0 
cell emf s . The cell was malntalned at a given tcmporaturo for at least 
2 hours for the attainment of equilibrium. Emf readings were t aken  
every half hour. For values as high as 200 mv I only a variation of 
- 0.05% was  tolerated.  To test the reversibility of the cell, after a + 
reading was  taken an opposing emf was applied and the subsequent 
readings were compared with the earlier ones .  Both sets must be  equal 
for a cell that has attained equilibrium. 
Results: 
The experimental emf E T data for Mg Si and Mg Ge (both E a pure 
magnesium electrode) are shown in Figures 1 . 2  -1 and 1. 2-2 respectively. 
2 2 
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The linear dependence of e m f  upon temperature shows that the entropy 
is independent of temperature. The galvanic cells may be represented as 
Emf v r  T data permit the calculation of the thermodynamic properties 
of the reactions: 
2 Mg (1) + Si(S) = Mg2Si(S) 
2 Mg (1) + Ge(1) = Mg2Ge(S) 
The free energy change, AF, of the cell reaction at any given temperature 
is related to the reversible electromotive foroe, E ,  by 
AF = - NFE 
In the above reactions all substances involved are in  their standard 
states (activity equal to unityj) and the free energy change becomes the 
standard free energy of formation AF . The heat of formation, AH is 0 0 
calculated from the AFo and the temperature coefficient of the electro- 
motive force. The results were summarized in  Tables 1. 2-1 and 1. 2-2. 
Investigation of the Thermodynamic Properties o f s e  Electrolyte: 
The electrolyte used was a mixture of CaC12 and MgC12. Mixtures have 
been preferred to pure salts because of their lower melting points and 
less vaporization at high temperatures, In this work, electrolytes of 
varying MgC1 contents (8% mol - 50% mol) have been used. In order 
to determine the free energies of mixing 'over the entire composition range 
2 
of the system MgC12 - CaC12, a chlorine electrode was used in conjunction 
with a Mg - electrode. The formation cell is 
1 - 12 
Mg (l)/ MgC12 - CaC12 (1) C12(g), C / 
and the reaction is 
Mg (1) + C12 (9) = (MgC12) (1) mixture 
The emf  of the cell was measured at various temperatures for a given 
composition of the  electrolyte.  , The data are summarized in (Fig. 1 . 2  -3).  
The activity of MgC1, can be deduced from 
RT 
NF lna 
Eo - - -  
emf of the cell 
emf for pure MgClp 
activity of MgC12 
Mg-A1 alloys were studied using this  electrolyte and the thermodynamic 
data are  summarized in Table 1.2-3 .  
Discussion: 
Intermetallic compounds such  as Mg2Si, Mg2Ge, Mg2Pb and Mg2Sn are 
transit ion cases approaching typical salt-like bonding: as a rough 
2+ 4- 
approximation one may write (Mg ) 2  Si 
metallic compounds with ordered structures appears to be a direct conse- 
etc. The formation of inter- 
quence of the exis tence of charged species  with opposite s igns . 
constants  ,melting points and heats of formation for these  and also for 
( 7 , 8  I 9) the  compounds Mg2Pb and Mg Sn are listed in  Table 1 .2 -4 ,  2 
It 
is 
is interesting to notice that  the higher the heat of formation, the higher 
the melting point of the  compound. 
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TABLE 1.2-1 
Electromotive Force Data for 
2 Mg(1) + Si (S) = Mg2Si(S) 
Temr, .OC 
731.7 
792.6 
826.7 
849.7 
861.5 
876.2 
889.4 
908.7 
935.62 
963.9 
980.3 
997.5 
1004.0 
1026.7 
E . M, F. (mv) 
130.48 
125.79 
122.28 
121.0 
119.0 
118.20 
117.40 
115.62 
113.45 
109.80 
106.3 
101.23 
99.12 
92.87 
TABLE 1.2-2 
Electromotive Force Data for 
2 Mg(1) + Ge (1) = MgZGe (S) 
Temp .OC E ,  M,F. ( m v l  
697.5 220.60 
714.5 216.40 
745.6 208.50 
758.3 205.10 
797.6 194.80 
831.8 
852.4 
880.0 
918.6 
951.1 
984.7 
1007.2 
1020.0 
1038.4 
185.20 
178.80 
170.9 
158.62 
147.8 
135.20 
126.00 
121.10 
113.70 
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TABLE 1 .2 -4  
Compound Lattice Constant M, P. OC Heat of Formation 
at ~ O O O O K  --- -I-_ - -----------.----- __ 
W 2 S i  6 . 3 3 8  +, 0.002 %. 1085 lS°C - 1 8 , 0 0 0  ca ls /mol .  
+ o  Mg2Ge 6 . 3 8 0  +, 0 . 0 0 2  1115 - 5 C - 4 0 , 0 0 0  cals /mol .  
M g p  6 . 7 6 2  0 . 0 0 2  k 778OC - 3 , 3 0 0  ca ls /mol .  
M g p  6 . 7 9 9  +, 0.002 8, .55Ooc - 1 , 9 3 0  cals /mol .  
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1.3 Volume Change_c.j- _F_us ion for Chlorides and Fluorides 
Dr. Ram A. Sharma 
---- Introduction: 
Most ionic materials increase in volume on melting. The knowledge of 
this  increase is helpful in  elucidation of the  melting processes .  (1,2,3,4 1 
Some of the materials under investigation are intended to b e  used for 
thermal energy storage.  Volume change measurements are essent ia l  
for design purposes.  The data reported in  the literature are sparse 
and show poor agreement. They have been obtained by the techniques 
which involve measurements of the density of a sample in solid and 
liquid states, The density in the liquid state is usually measured by 
the Archimedes method. A bob of precious metal is used for buoyancy 
weighings in the case of comsive ' l iqu ids  . 
Density in the solid state near the melting point is much harder to 
evaluate because the dilatometric methods for polycrystalline materials 
are often inapplicable at high temperatures due to the unavailability of 
a sui table  inert confining fluid. X-ray measurements of lattice expan- 
s ions  at these  temperatures are not suitable as they cannot measure 
volume changes due to la t t ice  defects appearing in a solid approaching 
melting point,  Measurements of linear expansions of single crystals 
which generally involve the application of a small mechanical pressure 
are unsatisfactory as p las t ic  deformation occurs near  these  temperatures. 
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Two methods which have been reported for measuring the volume changes 
I of chlorides and fluorides a re  crystallisation pykn~rne t ry '~ )  and high 
temperature gas  densitometry. ( 6 )  In crystallisation pyknometry , the 
I 
~ 
density of a sample in the solid s t a t e  has been determined at its melting 
point by trapping the liquid under investigation in  a special ly  desiqned 
pyknometer and solidifying it there.  By combining these  data with those 
for the liquid , the  volume change on fusion may be determined. ! The major 
difficulty in this method is the void space created by the  dissolved gases 
in the materials under investigation on solidification and so the solid 
volume is always apparently greater than actual .  The volume change on 
melting, measured by this  method will also include the error involved i n  
the  measurement of liquid volume by the Archimedes method. 
In high temperature gas densitometry, salt expansion in the solid state 
is measured by a high temperature gas densitometer from room temperature 
to just  below the melting point, As the solid densi t ies  at room tempera- 
ture and liquid densi t ies  over a range of temperatures near to melting 
point are generally available , the molar volume change on fusion may be 
obtained by cornbination of the above measurements. The method suffers 
from the  disadvantage that the gas used in the system may be absorbed 
progressively with the rise of temperature. Also,  la t t ice  defects which 
develop generally near  the  melting point may contribute towards more 
g a s  absorption. 
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In the present investigation use was made of a very simple technique 
in which volume change on fusion has been obtained by measuring the 
volume of the cavity formed at the top of the sample during solidification 
and the volume of the solid so obtained, If V is the volume of the 
cavity and V the volume of the so l id ,  then the percentage volume 
change on fusion is given by Av+ x 100.  The volume of the cavity 
i s  obtained f rom the weight of the mercury required to fill the cavity.  
The volume of the  solid is also measured from the weight of mercury 
displaced by the solid, Oensities of the samples have a l so  been 
calculated from the weights of the samples and the volumes a s  a check 
on the possibility of void formation in  the sample on  solidification. ii 
f 
S 
v s  
The sample holder, made of either platinum or kraphite,  is enclosed in 
a g l a s s  tube. The sample holder is supported on an alumina block with 
two holes ,  one in the center  and another near the periphery. The 
peripheral hole is used to introduce argon for maintaining a n  
inert atmosphere, The central hole is used for measuring the  temperature 
by means of an optical pyrometer and a l so  to strike an argon jet at the 
base of the container to init iate the  nucleation for solidification of the 
salt during the cooling cyc le .  The sample holder is slowly heated to a 
temperature sl ightly above the melting point of the  salt. It  is kept at 
th i s  temperature until the dissolved gases  are removed. It is then slowly 
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cooled to the salt melting temperature and the argon jet is directed a t  
base  of the holder to initiate solidification and the  whole sample is then 
solidified by reducing the power of the furnace and slowly sliding down 
the entire fixture from the high frequency furnace coil. By allowing the 
sample to solidify in this way,  a c h i t y  at the top is fomed.  Experi- 
ments have been conducted to measure the volume changes on fusion 
for LfC1, NaCl, KC1 , CaC12 LiF, KF I MgFZ BaF2 I BaC12. Al l  the samples 
used were of chemical grade The results together with those available 
in the literature are given in Table 1.3-1 
The validity of the volume change on melting by the cavity method de- 
pends upon the assumptions that l )  the temperature of the m e l t  was 
uniform above and at the melting point when solidification commenced 
at the walls of the container and 2) the contraction of the cavity was pro- 
portional to the contraction of the solid fmm the melting point to mom 
temperature. In view of the small size of the sample and the relatively 
high thermal conductivity of the container, the temperature can be main- 
tained unifom within reasonable l imits  while the second assumption is 
quite reasonable in  view of the cavity being surrounded by the material, 
Each value reported in Tab le 1.3-1 is a mean of at least 4 measurements 
so that t h e  order of magnitude of - AV+ may be  regarded a s  reasonably 
v5 
well established within the range of uncertainity assigned. Although 
the  pyknometric and gas  densitometric methods have utility, the present 
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method is generally applicable,  especially at extremely high tempera- 
tures (ca. 2 0 0 0 ~ ~ ) .  
The values of !!f- for NaCl and KC1, and LiF as seen  in Table 1.3-1 
VS 
are in good agreement with those reported in the l i terature,  while the 
rest of the materials are in  poor agreement. The values of - AVf are vs 
between 5% and 30% which are quite reasonable as they a re  expected on 
the basis  of lattice deformation and formation of the holes in  these  ionic 
melts. (4 )  The theories pmposed in the literature are a s  yet unable to 
give a satisfactory quantitative interpretation of the volume changes 
obtained for these  ionic melts. 
-__I References; 
1. A1 Maholi and Ubbelohde, Proc. Roy. SOC. A 1953, 220, 143. 
2.  Rogers and Ubbelohde, Trans. Faraday SOC. 1950 , I C ; ,  105 1. 
3. Johnson, Agron and Bredig, J .  Am. Chem. SOC. 1955, 77, 2734. 
4 .  Bockris, J ,  O 'M. ,  and Richards, N.E. Proc. Roy. SOC. 1957, 44 ,241 .  
5 .  Landon, G.J. and Ubbelohde, A.R. ,  Trans.Faraday Soc. 1956,54,647.  
6 .  Bockris , J.O'M, , et a l ,  J. Phys. Chem. 1960, 54, 507. 
7 ,  Bockris, J .O'M. , et a1 Re vue de Chimie, 1962, 1, 60. 
8 .  Shinke,  H,, et a l ,  Z .  anorg. allgem. Chem. 1956, 287, 313. 
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Tab le  1.3-1 
Mate r i a l s  Volume Change  on  Melt ing D e n s i t i e s  
P resen t  Work L i t  erature  Reference 
g d c c  
-I_-. e--- -- ------- --- --- ----- 
LiCl 
NaCl  
KC1 
CaC12 
BaC12 
LiF 
NaF 
+ 
34 .9  - 2% 
+ 
24.8  - 1.2% 
1 9 . 0 2 t  1 .2% 
+ 
7 . 5  - 1% 
4- 
12.6 - 1.4% 
2 8 . 8 t  1.5% 
+ 
19.5 - 1.5% 
+ 
2 3  - 1 . 2  
+ 
1 4 . 5  - 1.2% 
26.2 
25 .58 ,25 .0  
2 0 . 2 0 , 1 7 . 3  
0.09 
3 . 5  
29 .4  
27.4 
17.2 
- 
8 
7 i8 
7 , 8  
7 
8 
8 
8 
8 
+ 
1 . 9 1  - .02  
2.02 - . 0 3  + 
+ 
2 . 3  - . 0 3  
3 .5  - 0.06 
2 .56  - 0 .03  
2 .65  0 .04  
2 .40  - . O S  
3.06 - 0.1  
+ 
+ 
+ 
+ 
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2 .  PLASMA ENGINEERING 
Branch Chief: Dr. George L. Schrenk 
Senior Members: Dr. Hsuan Yeh, Dr. Leon W. Zelby, 
Dr. Chad F .  Gottschlich 
2 .1  Investisation of Na-K Seeded Amon Plasma 
Dr. HsuanYeh, Dr. Chad F. Gottschlich; T .  K. Chu 
The research reported here is a continuation of efforts discussed in  
previous progress reports. The objective of this work is to measure 
non-equilibrium ionization and its effects in an alkali metal (Na-K) 
seeded argon plasma , where the non-equilibrium ionization is produced 
by an externally applied electric fieldd Measurements of the electric 
_- 
I 
‘field, plasma current , and spectrophotometric measurements of the 
radiation from the plasma will be made 
measurements are especially significant because , by proper interpre- 
tation, the radiation yields information on the local properties of the 
plasma -- e.g. , the electron and atom-ion spatial temperature distri- 
butions , etc. From these spectrophotometric measurements , electrical 
measurements and separate measurements of the pressure and chemical 
composition of the plasma, we wil l  be able to calculate the local values 
of the electrical conductivity , thermal conductivity and specific radiation. 
These spectrophotometric 
Recent efforts have been concentrated on completing the experimental 
system overcoming material problems, and testing the methods for data 
collection. A fume scrubbing system has been built to clean the sodium- 
potassium exhaust discharged from the test section. The scrubber 
. 
(Fig. 2.0101) primarily consists of a series of shower-head sprinklers 
and filters. It eliminates the visible emission of fumes for concentrations 
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of sodium-potassium UP to 0.5% (by weight) at an argon flow rate of 
7 gms/sec. 
At  low cylinder pressure (a few hundred pounds per square inch) com- 
mercially available argon gas  has a water content as high as 1000 p .p , m  , 
A purification system has been constructed (Fig. 2 . 1 -  2) to eliminate the 
water vapor and oxygen in the argon gas .  The setup consis ts  of two 
chamben (in series) made of 3" diameter stainless steel tubing of 3.5 
feet long. The first chamber is fil led with natural manganous oxide (MnO) 
ore of s i zes  between 4 and 8 mesh ,  The second chamber is filled with 
Linde Molecular Sieve 4A, Na12 [ (A102)12(Si02)12] -2750. 
manganous oxide absorbs oxygen in the following manne.r 
The 
6 MnO + O2 - 2 Mn0304 
2 Mn 0 + 1/2 O2 -, 3 Mn203 3 4  
3 Mn-0, + 3/2 0, -, 6 MnO, 
6 MnO + 3 O2 -, 6 Mn02 
This reaction takes place at 15OoC, and the oxygen content is reduced 
to less than 2 p.p.m. The molecular s ieves  reduce the water content in 
the argon gas to 1 p.p.m. 
The major material difficulty encountered is to find an optically sa t i s -  
factory test section as it is necessary to scan the plasma for spectropho- 
tometic measurements. We have tested both quartz and sapphire for 
2 - 3  
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window materials. Quartz becomes opaque after about 45 minutes of 
exposure to the plasma. This appears to be primarily due to the alkali 
metal vapor present. Operation at  the same gas temperature with no 
alkali metal vapor results in no visible deterioration of the  quartz. 
Although the chemistry of the alkali silicates seemed to indicate that 
the attack would be accelerated by traces of water vapor and oxygen, 
the installation of the gas  purification system described above failed 
to stop the quartz deterioration. 
Sapphire held up much better to the plasma but still suffered some loss 
of transparency. As a result of these tests, a narrow opening, i .e. , an 
open window , was next tried. There was ,  of course,  no difficulty with 
transparency. The present design of the test section is shown in 
(Fig. 2.1-3).  Two opening gaps were provided along the test section for 
transverse spectrophotometric scanning. Electrodes and probes are  ring- 
shaped to produce a uniform electric field.and to  obtain an average field 
potential measurement, respectively. The small gas  leakage occuring 
at the gap has almost no effect on the optical and electrical measurements. 
An additional advantage with the provision of open gaps is the explicit 
prevention of shunting by the wall which can occur if  a conducting f i l m  
of alkali  metal becomes adsorbed on the wall .  The s i z e  of the gap , 
which is adjustable,  is set at .050". This s i ze  is small enough to prevent 
excessive leakage and sufficiently large so that it does not become the 
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limiting aperture of the optical system. 
A schematic diagram of the optical arrangement together with a block 
diagram of the associated electronic apparatus is shown in (Fig. 2.2-4) .  
A helium discharge tube is used as a light source for testing of the in- 
struments, The precalibrated tungsten strip lamp is provided as an 
absolute intensity calibration standard, 
Some preliminary spectrophotometric measurements have been made 
the apparatus without an applied electric field. Only the sodium doublet 
lines 5889 H and 5895 i w e r e  observed. It appears that the gas t e m p e r -  
ature was simply too low in  this run. 
. 
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2 . 2  Emitter Surface Phys ic s  of Plasma Diodes 
Dr. Leon W .  Zelby, Dr. George L. Schrenk, M.  Kaplit 
The operation of close spaced (approximately 25 microns or less) passive 
mode thermionic energy converters depends primarily on the emitter and 
its interaction with the surrounding vapor (usually an  electropositive 
element such as cesium plus s o m e  times a halogen additive),  The vapor, 
adsorbed as a partial monolayer on the refractory metal emitter, increases 
the electron emission often by several  orders of magnitude by lowering the 
emitter work function. The adsorbed particles may then be desorbed a s  
posit ive ions ,  and these  ions serve  to neutralize the space  charge between 
the emitter and the collector. There are two classes of macroscopic phe- 
nomenological models for interpreting the above characterist ics of the 
emitter of a thermionic energy converter. In the first class are  the semi- 
classical models; t hese  models primarily employ the concepts of classical 
phys ics ,  e lectrostat ics ,  thermodynamics, and statistical mechanics . (1) 
In the second class are those models which depend primarily on the quantum 
chemical concepts of ionic and covalent bonding and of electronegativity. 
Although both classes of models can  correlate emitter perforniance, when 
they are extended to untried systems , they may predict different resul ts ,  
such  as the maximum attainable change of the  emitter work function due to  
adsorption, 
(2)  
2 76 
The object of this reseamh is to obtain a microscopic understanding of 
the limitations of the semi-classical phenomenological model of the emitter 
surface of a thermionic energy converter.! We are calculating quantum 
mechanically the microscopic charge distribution of the emitter surface, 
a metal-vapor interface, and are using the resulting charge distributions 
to determine some of the limitations of the semi-classical model of a metal- 
vapor interface. 
The model being used for this analysis assumes that the substrate-adsorbate 
interaction is weak enough so that the energy distribution in  the valance 
band of the adsorbed particles is less than k where k is Boltzmann's con- 
stant and T is the substrate temperature (see Rasor and Warner for details j 
For a weak substrate-adsorbate interaction this metal-vapor interface can 
be regarded as a superposition of the surface double layer upon the electron 
distribution of the bulk substrate with the result that all changes in  the 
(3 )  
work function due to adsorption are due to changes in the surface double 
layer. (4)  Since we are primarily interested in predicting changes in the 
work function due to adsorbed partial monolayers, only the surface double 
layer need be studied. 
At a given instant of time we are approximating the metal-vapor interface 
by a lattice consisting of t h e  outennost layer of atoms of the homogeneous 
substrate and a homogeneous array of adsorbed particles, Depending on 
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the relative values of the substrate work function valence , and adsorbate 
ionization potential or electron affinity, there will be a transfer of charge 
f rom adsorbate to substrate or vice-versa (see Gurney for a complete dis- 
cussion), (5) The remaining valence electronic charge will distribute 
itself in this potential well, forming the surface double layer, 
\ 
Those electrons not a part of the adsorbate valence charge are assumed 
to be fixed symmetrically around their respective nuclei forming a so-called 
core. The substrate atoms are assumed to be spheres with zero valence 
but still capable of receiving and holding a spherically symmetric charge 
distribution, so that they and the adsorbate cores present point charge 
potentials to the fraction of valence electrons now i n  the interface. This 
procedure is a necessity since we do not know the exact charge distribution 
near the nucleus of these atoms in a lattice like configuration. The finite 
size of the cores is taken into account by assuming that the particle density 
is known in terms of its variational parameter for each period except in the 
cores where it is to be zero. For analytic convenience the cores will be 
represented as cubes with a volume equal to that of a sphere of radius r or 
r centered at the center of the spheres and with their sides paralled to 
the coordinate axes. 
m 
f '  
An average of the periodic variation of the surface charge must be incor- 
porated into the relations hip between the macroscopic work function which 
we measure and the calculated microscopic charge density. One possible 
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way of doing this (which corresponds closely to the procedure used in 
most macroscopic studies) is to regard the electron cloud as being con- 
centrated with respect to the transverse direction along a line through 
each adsorbate particle. Since each adsorbate particle occupies an identi- 
cal cell, the surface double layer due only to the electron cloud is the 
product of the moment of a single line of concentrated charge and the 
number of adsorbed particles per unit area. The total surface double layer 
is the sum of that due to the fixed charges , represented as point charges , 
and the valence electron double layer. Other averages are possible but 
their use does not change the fundamental physics of this analysis. 
This model, as described above , does not include any quantum-chemical 
effects nor the effects of mutual and self-depolarization of the adsorbate 
atoms, These effects are takon into account by varying the effective 
fraction of valence charge comprising the electron cloud so as to obtain 
the correct change in work function. In spite of these limitations and those 
of the approximate treatment of the cores, the final results obtained from 
this model are physically meaningful. 
The mathematical description of the model proposed above and the quantum 
mechanical calculation of the surface charge distribution us ing  the Thomas - 
Fermi-FDirac theory have been completed. The analytical results have been 
programmed for solution on an IBM 7040 computer. The details of the math- 
2 -9 
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ematical formulation and the computer program will not be presented 
here (see ref. &); instead we shall present a few general preliminary 
conclusions resulting from this analysis ,  
Two cases of considerable interest  to thermionic energy conversion are 
being studied - the adsorption of a monolayer of cesium o n  the  (100)  
surface of tungsten and the adsorption of half a monolayer of barium 
on the same clean tungsten surface. For both cases the surface charge 
does not extend very fa r  out beyond the adsorbate particles , a result  
which is consistent with the c lass ica l  concepts of adsorption. Also , we 
are  finding that the electron-electron , and electron-nuclear interact ion 
energies are somewhat larger than the quantum mechanical kinetic and 
exchange energies. These preliminary results lend some support to the 
semi-classical macroscopic models , such  as that of Rasor and Warner. ( 1 1 3 )  
The proper choice of macroscopic model is extremely important to the  
design of thermionic energy converters - especially in the selection of 
emitter and collecter materials . The Levine-Gyftopoulos quantum-chemi- 
cal model predicts that  , for a given adsorbate , higher bare substrate  work 
function materials have lower minimum attainable work functions . (6)  The 
Rasor-Warner semi-classical  theory, however, yields no such  general 
rule. 
This work is the first detailed macroscopic caiculation of the surface 
2-10 
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charge distribution of a metal with an adsorbed partial monolayer. It 
is anticipated that this work will be completed within the next several  
months. 
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2.3 Theoretical and ExDerimental Investiqation of a Rototinq Plasma 
In a Crossed Elcctric and  Mnqnet ic  Field 
Dr. M.  Altman, Dr. M.A.  Brull, P.  Hsueh 
Introduction: 
This is a new doctoral research problem. The bas ic  a i m s  and objectives 
of th i s  work a re  summarized below. In recent years ,  the effects of 
crossed electro-magnetic fields on fluid flow have been investigated 
with increasing interest  because of the practical needs of astronautics , 
plasma physics and aero-space engineering. Problems concerning t h e  
- 
motion of a plasma in the presence of mutually perpendicular electric dnd 
magnetic fields have attracted a large amount of interest .  A collection of 
theoretical and experimental problems have been isolated which require 
further work to exploit their possibilities in  practical devices  such as  
plasma accelerators , MHD power generators , and ion centrifuges. The 
proposed research is concerned with a plasma which is contained i n  a 
vessel bounded by coaxial  cylindrical electrodes and insulated bases .  A 
crossed field is applied t o  the plasma by an electric field i n  a radial 
direction, and an axial magnetic field. \,It is well known that t h e  plasma 
will rotate around the axis of t h e  cylinders as a result  of the body force 
- I x E. It will s tar t  from rest and reach to an equilibrium s ta te  when the  
body force is compensated for by dissipation. In devices  such as a rotating 
plasma accelerator,  a vortex MHD power generator , or a rotating plasma 
2 - 12 
propulsion device,  it is desirable to understand the flow phenomena 
so as to facilitate practical design. The following problems are proposed 
to be studied: 
1. The analysis of the three dimensional flow phenomena 
taking end effect into consideration. 
2 ,  The prediction of the  maximum plasma velocity with 
parameters which are realizable in practice. 
3 .  The determination of energy storage properties in terms of 
plasma properties and the dimensions of the  cylinder. 
4 .  The heat dissipation caused by both the friction and the 
joule heating 
5.  The stability problems of the fluid flow. 
6 .  Experimentally verify the analytical results.  
Previous Works: 
A .  Theoritical Part: 
A .  I .  Gubanov and G.  V. Gordeev") first studied the stationary case 
neglecting end effects. Their results included viscous effects and showed 
the dependence of flow velocity on magnetic flux, the radii of the elec- 
rodes,  and the energy required to maintain the flow. Their calculations 
a l so  showed that the maximum plasma velocity could become supersonic 
with parameters which were realizable in practice. (V max = 4x10 -4x10 
cm/sec) . 
5 6 
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G. V.  Gordeev ( 2 )  took the end effects into consideration. H e  considered 
the axial coordinate as one of the independent variables in  the problem, 
but did not introduce seconary flow effects which should be equally 
important i f  variable z is considered. H i s  results showed small correct- 
ions of height > outer radius; only 6% lower than the infinite length case. 
However, it was very much affected i f  height <outer  radius; the maximum 
velocity then was only 10% of the infinite length case, 
C. C. Chang and T .  S . L ~ n d g r e n ' ~ )  examined the possibil i ty of us ing  t h i s  
device as a hydromagnetic capacitor. They found from their  calculations 
that  the  notabie feature of this device was that the maxiiiiiim 1;ir;z:ic energy 
(energy stored) occurred a t  the moderate velocity of M = 1.5 .  
G.  V. Gordeed4)  made the most complete analysis  by considering both 
the transient and end effects. He solved the whole set of equations stated 
above by neglecting the  relaxation time for establishing the applied electric 
f ie ld ,  His general results reduce to those obtained by A .  I .  Gubanov for 
t h e  stationary case when = 0 and t - a .  az 
z 
None of the papers above considered Hall currents o r  non-uniform B fields. 
E .  M .  Drobyshenskii") analized this problem by limiting the treatment to 
magnetic fields that  were not too large, such  that  
and 
increases  the magnetic field a t  the positive electrode and weakens the 
Wi' Ti' << 1 
Wea Tea >> 1 . It  was found that the occurance of the H a l l  current 
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field at the negative electrode, This effect was found important for 
values of the current strength and magnetic field intensity such  that 
the plasma may still be regarded as stabilizd, while the conductivity 
is due mainly to electron mobility. 
Effect of an ion wind on this problem was studied by K. V .  Dons koi , 
E .  M.  Drobyshenskii and E.  V ,  Nagarov.(6) The motion of ions in  the 
direction of the electric field also influenced the motion of the plasma. 
The authors showed the possibility of expressing this force i n  terms of 
the Lorentz force over some range of the  magnetic field, and "ion wind" 
was capable of cancelling , in some cases even overcoming , the effect 
of the centrifugal force. 
I 
Other American scientists like J .  McCune and C. Donaldson''') have 
studied this device in the reverse sense, namely as a power vortex 
generator. 
B . Experimental Plan: 
Experimental measurements were made by D. A.  Baker, J .  E .  Hammer 
and F. L. FUbe") at the Los Alamos Scientific Laboratory. The working 
medium they used was a very dilute deuterium plasma at 65 ev and 
1x10e8 g/cm 
intensity were measured on the middle plan. A so-called free-wheeling 
operation was performed by D.  A.  Baker and J .  E .  Himmel (8) to estimate 
3 . In their experiment electrostatic potential and magnetic 
2-15 
the  total energy stored in the device. N o  direct velocity measurement 
was  made. 
Purpose of the Proposed Research : 
In the past  works (1) (2)  (3 )  (4) , authors either neglected the  end effects 
(1) (3)  or considered it only partially (2)  (4 ) .  In ( 2 )  (4) , the authors 
only considered the axial coordinate a s  an independent variable of the 
rotation velocity. In other words , they considered U as a function of z 
in addition to r. However, it is well known that when a rotating fluid is 
near a wall one of the essent ia l  effects is the development of an axially 
synimtrica! b ~ m d a y  layer on the end wal l s ,  According to the boundary 
layer theory (') , the pressure gradients remain approximately constant 
0 
across  the boundary layer. One of the momentum equations , in this case 
shows that &wil l  turn toward the center a s  it is closer  to the boundary. 
A secondary flow will thus be  generated. In other words, due to the 
Q presence of the end boundary, "/ and /u will  be generated. The flow 
will  than become a three dimensional flow. According to (9) the result of 
an  ordinary viscous flow with n o  field shows that u, will  decay a s  it 
is far from the wa l l ,  while u, wi l l  remain a constant thmughtout the 
I 
(4 r 
region. Therefore, even though in (1) and (3) the authers assume a long 
cylinder, it should be proper only to neglect Ur and not u, . The  
proposed research is aimed at providing a complete analysis of the 
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flow phenomena, Aside from the pure academic interest ,  the knowledge 
of u, is valuable a l so  in practical needs.  In vortex MHD power 
generators the existance of u, is highly undesirable I for it dis - 
turbs the rotating flow and so cuts down its efficiency 
in some propulsion devices ,  the effect of uis can profitably be used 
when the accelerated plasma is released f rom a nozzle installed at  one 
end of the cylinder. 
(10) , However, 
The purpose of the experimental part of this work is to verify the results 
obtained from the analytical part. Many assumptions and expansions made 
in the analysis should also be justified by actual experimental data.  To 
avoid high temperature techniques , conducting fluids which have the same 
effects as the plasma in the xegion defined will  be  used a s  working medium. 
Since there has been no direct velocity measurements made before, it is 
proposed to measure steady s ta te  velocities in a l l  three directions to verify 
the analytical results.  It is a l so  proposed to measure the magnetic field 
in the axial direction, since i n  the past works the effect of H a l l  currents 
was neglected, However, in the limit when the working medium is such 
that  it behaves l ike a sol id ,  the Hall current will not only exist  but also 
generate an axial ,  spatially varying magnetic field. 
serve to verify the validity of this assumption which has widely been used 
by many researchers,  In addition, the transition from laminar to 
turbulent flow will  be studied. 
The result will  (11) 
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I. 
.- Research __ - - Plans: -- - - 
A. Analytical Part: 
1. Assumptions --- Necessary assumptions will be placed on the  
kind of plasma we are considering such that  macroscopic equations 
can  be used,  and many other microscopic effects can be  neglected, 
2 .  Basic equations and boundary conditions---If the magretogas - 
dynamic approximation (assumptions s ta ted  above) is considered , then 
the follow'ing set of equations (in m k s )  express the  interaction between 
electromagnetic and f luid dynamic effects,  
MAX WE L C  'S 
- EQS. 
MOM€ NTUM 
EQS. 
CON T"I7-Y 
EQS. 
ENERGY 
EQ. 
at vxg - - 
E + v . y  = o  
Dt  
- are + V * Z  = o  
a t  
WHERE he = C p t  +- V2 
2 
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Boundary conditions are the conventional ones of viscous fluid flow 
and electromagnetic theory. 
3 .  Possible methods of solution ---- Since the above set of equations is 
non-linear, perturbation methods and approximate solutions will be 
attempted. If incompressible flow is assumed, then the momentum 
6quations can  be solved separately from the energy equation. The 
temperature distribution obtained from the  energy equation wil l  then 
serve to determine the dissipation function. 
4 .  Desired Results:--- It is desired to obtain the following results: 
(a) The velocity profile as  a function of electric f ie ld ,  magnetic field,  
dimensions of the vessel and phys tcal properties of the working medium. 
(b) Amount of energy loss in  o rde r  to store largest amount of energy. 
(c) The stabil i ty properties. 
B .  Experimental Part: 
The proposed experiments wil l  include the following. 
1. The construction of a test cylinder. The init ial  choice for the working 
fluid is mercury. 
2 .  The installation of the devices that can  place testing probes through- 
out the field, 
3 .  Steady state velocity measurements will  be  made in all three 
directions,  
4 .  The axial magnetic field will  be measured. 
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C.  Apparatus: Fig. 2 .  3-1 
The major pieces of equipment needed to carry out these  measurements 
are: 
1. Testing cylinder -- A s  shown i n p i g .  2.3-2). Since the outer she.11 
and the axes will sexve gs electrodes,  so the material must be c lose  to  
perfect conductor to avoid potential difference along the electrodes.  End 
plates must be  insulated from the electrodes and have to be highly permeable. 
The dimension of the cylinder must be much greater than the dimensions 
of the probes such that the flow will not be disturbed. 
2 ,  A high current D.C. supply bank. 
3 .  Magnetic field generator -- Varians Model 4004. 
4 .  Magnetic probe diagram of the probe and the  recording system. 
Siemens Hall  Effect Magnetic Probe is a Hal l  current device.  Type E.4218 
has a dimension of 7x3.2x0.5 m m ,  When measuring the axial  magnetic 
field , the typical dimension of the probe is the thickness of the device,  
namely , 0.5 mm . So, it is very suitable to th i s  measurement. 
5 .  Velocity probe -- remains to be chosen.  
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Figure 2.3-1. (a) Hall effect magnetic probe. (b) Control 
current circuit (c) Hall voltage circuit, 
Figure 2.3-2 Schematic diagram of the testing cylinder 
3 .  ELECTROCHEMICAL ENGINEERING 
Branch Chief: Dr. Leonard Nanis 
3.1 Transient Concentration Polarization i n  Natural Convection 
Electrolysis . 
Dr. Leonard Nanis and Akin Adubifa 
In a previous report ( l ) ,  the time variation of the concentration changes 
at electrodes was considered for constant current passage. It was shown 
that two mathematically soluble hypothetical cases bounded the actual 
performance and a means was suggested for evaluating the thickness of 
the finally established boundary layer. The various diffusion problems 
treated were in terms of concentrations and it remains to correlate the 
theoretical findings with the observable phenomenon namely the t ime 
variation of concentration overvoltage. 
In order to consider the actual variation of concentration overvoltage 
with time the fraction of ultimately attained concentration difference 
at x = o may be expressed i n  terms of the steady state overvoltage with 
the aid of the Nemst Equation. By defining overvoltage with respect to 
the potential of a similar electrode in the same electrolyte in the absence 
of current passage, for the anode there is obtained 
CCo,r - C b ]  
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where q = polarization a t  t i m e  T 
q w  
R = gas constant 
T = absolute temperature 
By taking the absolute value of cathodic polarization, there is 
= ultimately attained polarization ( 7 = W )  
similarly obtained 
Both Eq. 1 and 2 may be approximated for the conditioh 
by expansion of the exponential terms with retention of first order 
arguments only. This leads to 
which is a truly linear function at room temperature only i f  the ultimately 
attained overvoltage is very small ,  i .  e. 
Eq. 3 should be more useful for higher temperature sys tems,  e .g  . , 
molten salt electrolytes. For computation concerning agueous systems,  
a tabulation of the general term in both Eq. 1 and 2 has been given in 
Appendix 1 for'25 C and may be used for temperatures within - 5 degrees. 0 + 
Sample calculations are  shown in Fig. 3.1-1 for the variation of anode 
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and cathode overvoltage with time following the start of constant 
current passage, based upon chosen values of 
D = 5 x 10 c m  sec and 6 = 0.01 cm. It should be remembered that 
the fictitious 6 based on a linear gradient is used as the basis of the 
computation and that the real boundary layer thickness is twice this 
value or 0.02 c m  in the present’case. Eq. 4.1-6 ana  4 .  1-8 of 
reference 1 (Curves 1 and 2 of Fig. 3.1-2, Ref. 1) have been followed. 
By referring to Fig. 3.1-2 of Ref. 1, the actual variation of concentra- 
tion at  the electrode may be expected to follow the dotted line of Fig. 
3.2-1 beyond the point of separation of the pre-existing 6 and pure 
diffusion hypothetical cases,  Beyond the point of separation (about 5 
seconds), the actual time trace should bend away from the dotted line 
and at about 15 seconds should cross the solid line and remain below 
this solid line. For the anode in particular, it may be appreciated that 
there would be considerabie difficulty in distinguishing between the 
various cases at longer times. For the cathode , this distinction could 
be more apparent, For the anode, about 7 mV are attained before the 
theoretical separation time ( T = 0.333), which for both anode and cath- 
= 10 mV, z = 2 ,  
03 
-6 2 -1 
ode is discernible only after six seconds (real time) of current passage. 
vs In practice, the actually observed ‘Tl T variation generally includes 
a vertical rise at  t = o because of the resistive potentials due to the 
electrical field between the vertical electrode and the tip of a probe 
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reference electrode. Also, the present analysis is really valid for 
the absence of other forms of overvoltage. If, however, sctivation 
overvoltage is a rapidly rising function of time, both it and the resistive 
drop will appear as a vertical rise at t = 0 for the time scale shown in  
Fig. 3.1-1. Strictly, the time variation of the resistive drop dut! to, 
changing electrolyte concentration has also to be treated. Analysis 
of concentration-overvoltage vs time curves may be used to evaluate 
the actual thickness of the boundary layer formed in electrolyses 
governed by natural convection. Times for attainment of a given 
fraction of ultimate ‘t‘l 
magnitude of 6 since T contains the inverse square of 6 .  Fig. 3.1-2 
shows the expected ‘il - T curves for three 6 values differing by only 
0.001 c m  in extent for times up to the analytical separation point at 
T = 0 . 3 3 3 .  Real boundary layer thickness values actually would differ 
should be  strongly dependent on the actual 
OD 
by 0.002 c m ,  For the anode, it 111ciy Le SGGU --- *I--+ C I I U L f,, -v  -.. a n atta lnmnnt  .....____ cf 
6 .5  mV out of 10 mV, the curves lor the different 6 values are each 
separated by a time of one second. Such time resolution is readily 
attainable experimentally by means of an oscilloscope or chart oscillo- 
graph. Analysis of actual traces requires knowledge of 7 ,  I so that in 
practice I the resistive and other rapidly rising overvoltages must be 
subtracted from the steady state potential and accordingly from the 
observed Tl values over the time span. Several plotting methods of the 
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vs. t data  may be used t o  extract t h e  value of l . 
For example for the cathode, Eqn.  2 and Eqn. 4 .  1-6 of R e f .  1 may be 
arranged as 
Knowledge of Roo and D combined with the square root of time plot 
suggested by Eqn. 4 can permit the evaluation of d . 
Work is presently in progress to check t h e  above conclusions using 
vertical  si lver anodes dissolving into various concentrations of si lver 
nitrate. This electrode-electrolyte system was  chosen because of the 
very large exchange current densi ty ,  thus avoiding problems associated 
with the exis tence of activation overvoltage, Primary variables will 
be  the vertical position on the electrode and the current densi ty .  
Values for the diffusion coefficient w i l l  be  taken from the recent work 
of Firth and Tyrell. Literature values for the density and viscosity 
of silver nitrate solutions will be used for the calculation of the ex- 
pected boundary I ayer thickness as theoretically evaluated by Ibl . 
(2) 
(3)  
A program has  been written for machine computation of tables  of the 
general term in  Equations 1 and 2 i n  order to speed the analysis  of the 
overvoltage v s  t i m e  t races  for 5 evaluation. A sample of the  tab les ,  
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rounded to four significant figures I is given in Appendix 1 .  
Ref e rences : 
1 .  INDEC-SR-5 Section 4 .  
2 .  J .  G. Firth and H .  J .  V .  Tyrell, Journal of t h e  Chemical Society I 
p 2044, May - Aug. 1962.  
3 .  Ibl, N . , Advances in Electrochemistry & Electro-chemical Eng. 
Vol. 2 I p 86 , Intersciences 1962. 
3 - 7  
APPENDIX 1 
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